Internal diseases not only decrease revenue for meat wholesalers and/or farmers, because of increased disposal of the edible internal organs, but also impair the production performance of animals. This study focused on the genetic aspect of multifocal necrosis in the liver (mnL), bovine abdominal fat necrosis (BFn), and inflammation of the large intestine (iLi). These 3 internal diseases are frequently observed in Japanese Black cattle as a consequence of concentrate feeding (fattening); however, they also result in the condemnation of the internal organs. In Japan, MNL is generally called sawdust liver (sdL) because its multifocal necrosis resembles sawdust on the external surface and in the parenchyma of the liver. It is known that BFN is characterized by calcium soaps caused by a metabolic disorder affecting lipids, whereas bleeding in the intestine is characteristic of ILI. Records of the internal diseases and the carcass traits of 5,788 Japanese Black cattle were used for this study. The data for all the diseases were recorded as binary data as to whether the disease was observed (1) or not (0). Genetic parameters were estimated using linear and threshold animal models. The prevalence rates of MNL, BFN, and ILI were 16.1, 23.0, and 6.8%, respectively, and heritability estimates ± posterior SD were 0.18 ± 0.06, 0.28 ± 0.06, and 0.18 ± 0.06, respectively. The genetic correlations of MNL with BFN and ILI were -0.23 (P = 0.19) and -0.49 (P < 0.05), respectively. In contrast, the correlation between BFN and ILI was positive and high (0.96; P < 0.05). The phenotypic correlations of the internal diseases with the carcass traits were weak and not different from 0 except for those of BFN and ILI with CW, REA, and RT, which were all negative (P < 0.05) and ranged from -0.21 (ILI and CW) to -0.05 (BFN and RT). The genetic correlations of MNL with the carcass traits were all weak and not significant. In contrast, the genetic correlations of BFN and ILI with CW, REA, and RT were all negative and significant (P < 0.05) between BFN and CW (-0.36) and between BFN and RT (-0.33). However, the genetic correlations for BFN and ILI with BMS were all positive at 0.21 (P = 0.16) and 0.39 (P < 0.05), respectively. The estimated heritability of the internal diseases suggests that they can be genetically improved. Genetic relationships of BFN and ILI with meat quantity traits were favorable for beef cattle breeding, because lower disease liabilities were associated with improved CW, REA, and RT for BFN and ILI. However, rather strong and unfavorable genetic relationships were found between BFN or ILI and BMS, which is related to meat quality. This suggests that selection for animals with superior BMS would increasingly lead to animals with higher liability to the internal diseases.
Health (Tokyo Metropolitan Government, 2013) in Japan reported prevalence rates in beef cattle of SDL (MNL), BFN, and inflammation of both small and large intestines of 13.6, 10.5, and 3.8%, respectively.
Heritability estimates of major diseases are known to be generally low in Holstein (Uribe et al., 1995; Van Dorp et al., 1998) and beef cattle (Snowder et al., 2006; Schneider et al., 2010) . Diseases in cattle, however, can be genetically improved, because a certain genetic contribution is observed in some diseases, such as heritability of 0.28 for displaced abomasum (Uribe et al., 1995) or 0.39 for ketosis (Van Dorp et al., 1998) .
The objective of this study was to estimate the genetic parameters of the above internal diseases of beef cattle and to detect relationships between internal diseases and carcass traits in Japanese Black cattle. Simultaneously, we attempted detection of genetic features of the internal diseases between sire lines.
materiaLs and metHods

Animals and Samples
The data used in this study were obtained from carcasses processed at a slaughterhouse; therefore, Animal Care and Use Committee approval was not necessary. Records of internal diseases and carcass traits of 5,788 Japanese Black cattle fattened at 23 farms in 1 prefecture over 3 yr were used for this research. The internal diseases, MNL, BFN, and ILI, were recorded at the slaughterhouse by the Meat Hygiene Inspection Office (Japan). Inflammation of the large intestine included appendicitis, colitis, and rectitis. The data from the diseases were recorded as binary data as to whether the disease was observed (1) or not (0). Carcass weight (CW), rib eye area (rea), rib thickness (rt), subcutaneous fat thickness (sFt), and beef marbling score (Bms), which is scored from 1 (poor) to 12 (abundant), were also collected. The carcass traits except CW were evaluated between the sixth and seventh rib in accordance with the Japan Meat Grading Association (1988) .
Statistical Analysis
The disease status was recorded as binary data and should be under a liability scale. Therefore, the observations of the diseases were denoted as follows: BFN IFI  BFN  ILI  MNL  BFN  ILI  MNL  BFN IFI  BFN  ILI   0 if  ,  ,  ,  ,  , 
where l MNL , l BFN , and l ILI and τ MNL , τ BFN , and τ ILI denote liabilities and thresholds for MNL, BFN, and ILI, respectively. A mixed linear animal model was used for analysis of the underlying liability for the internal disease traits and the linear observation of the carcass traits. A univariate animal model was used for estimating variance components for heritability estimates and a bivariate animal model was used for estimating (co)variance components for genetic, residual, and phenotypic correlations. When the covariance components for the correlations were estimated, the variances were set as free parameters except for the residual variances of disease traits. Therefore, estimates of heritability were also obtained from the bivariate model. The model in matrix notation can be written as follows:
where y is a vector of observed carcass traits; l is a vector of unobserved liabilities of internal disease traits; β is a vector of systematic effects, including sex of animals (2 levels: steer and heifer), slaughter year (3 levels: 2004, 2005, and 2006) , slaughter month (12 levels), farm (23 levels), and linear and quadratic covariates for age at slaughter (average 30.8 mo); u is a vector of random additive genetic effects; e is a vector of random residual effects; and X and Z are known incidence matrices. For the internal disease traits, a probit link function was used to transform event incidence to liability. The threshold and the residual variances were arbitrarily set to 0 and 1, respectively, for the binary traits.
The program THRGIBBS1F90 (Tsuruta and Misztal, 2006) was used for estimating (co)variances. For the construction of additive relationship matrix, 35,515 direct ancestors of the cattle were also included. To estimate (co)variance components by means of the Gibbs sampling method, 550,000 samples were generated and the initial 50,000 samples were discarded as burn-in. Finally, (co)variance components were determined based on the results of 50,000 samples obtained from every 10th sample from the remaining 500,000 samples. Breeding values were predicted using the variance components with the program CBLUP90thr (Misztal et al., 2002) after 100 rounds of iterations (under the convergence criterion of 10 -11 ).
To detect characteristics of the pedigree, we classified 57 sires, each having at least 10 progeny records, into sire groups based on their relationships, and then we compared the average EBV of MNL, BFN, and ILI among sire groups. Hierarchical Cluster Analysis with the Group Average method was performed on genetic distance to cluster the sire groups using R, a Language and Environment for Statistical Computing (R Development Core Team, 2006) . The genetic distance (D ij ) between animal i and j was defined as follows Toro, 2000, 2002) :
where f ii and f jj are the coancestry of animals i and j, respectively, and f ij is the pairwise coancestry between animal i and j.
To separate the sire groups, we adopted a diverging point at D ij = 0.375, which, from the result of the cluster analysis, was equivalent to the relationship between half-sibs. The clustered group containing a single sire was omitted from the following analysis. The sire group effect on the EBV of the internal diseases of the classified sires was analyzed with ANOVA using JMP version 7 (SAS Inst. Inc., Cary, NC). Furthermore, differences in mean EBV between the sire groups were assessed with Tukey-Kramer's honestly significant difference test (P < 0.05).
resuLts
Phenotype Measurements
The numbers of diseased animals and the prevalence rates are shown in Table 1 . The prevalence rates of MNL and BFN were higher compared with those of ILI.
The descriptive statistics of the carcass traits are shown in Table 2 . The carcass data were measured at an average (SD) slaughter age of 30.8 (1.67) months.
Heritability
Heritability estimates of the internal diseases from univariate analysis were moderate for BFN to rather low for MNL and ILI, as presented in Table 3 . In contrast, the carcass traits values were moderate (for REA and RT) to high (for CW, SFT, and BMS).
The range of heritability estimates from bivariate analysis is also shown in Table 3 . Most were similar to those from univariate analysis and were within the heritability ± posterior SD (Psd) from univariate analysis. The only estimates from the bivariate analysis that were outside of the range of heritability ± PSD from the univariate analysis were for BFN and ILI at 0.44 and 0.33, respectively. These 2 estimates were from bivariate analysis between BFN and ILI.
Effect of Sire Lines Classified by Genetic Distance
As a result of cluster analysis, 47 sires were classified into 10 sire groups. The simplified dendrogram for the groups is shown in Fig. 1 . Mean EBV and the results of multiple comparison for all the internal diseases are shown in Table 4 ; the sire group effect on all internal disease traits was significant (P < 0.01; not shown in the table) as determined by ANOVA. The codes of each sire group in Fig. 1 and Table 4 correspond with each other. The sire groups consisted of 2 to 8 sires. The order of the EBV among the sire groups and the results of the multiple comparison for BFN were similar to those for ILI: sire groups A and B had highest EBV and group I had the lowest. In contrast, MNL sire groups ranked differently compared with those of BFN and ILI.
Relationships between Internal Diseases
Genetic, residual, and phenotypic correlations between the internal diseases are presented in Table 5 . The correlations of MNL with the other diseases were all negative. The genetic correlations of MNL with BFN and ILI were stronger (-0.23 and -0.49, respectively) than the phenotypic ones (-0.09 and -0.11, respectively), but the 95% highest posterior density In contrast, the genetic, residual, and phenotypic correlations between BFN and ILI were all positive and higher (0.96, 0.08, and 0.41, respectively) compared with the relationships with MNL. Strong positive genetic associations were found between these traits.
Relationships between Internal Diseases and Carcass Traits
Genetic and phenotypic correlations between the internal diseases and the carcass traits are shown in Table 6 . The genetic correlations of MNL with the carcass traits were small (-0.11 to 0.18) and all positive except with CW (-0.11). Their PSD were rather large (0.17 to 0.20) and the 95% HPD regions of the genetic correlations included 0. The phenotypic correlations among them were also small (0.00 to 0.05) with the 95% HPD regions including 0.
The genetic and phenotypic correlations of BFN and ILI with CW, REA, and RT were all negative (-0.36 to -0.05 and -0.21 to -0.05 for the genetic and phenotypic correlations, respectively). Among them, the 95% HPD regions of the phenotypic correlations did not include 0, whereas for the genetic correlations only those of BFN with CW and RT did not include 0. Both the genetic and phenotypic correlations of BFN and ILI with SFT and BMS were all positive (0.18 to 0.39 and 0.00 to 0.02 for the genetic and phenotypic correlations, respectively) except for the genetic correlation between BFN and SFT (-0.11). Among them, only for the genetic correlation between ILI and BMS did the 95% HPD region not include 0.
disCussion
Phenotype Measurements
The Bureau of Social Welfare and Public Health (Tokyo Metropolitan Government, Japan, 2013) reported that the prevalence rates in 2012 of SDL (MNL), BFN, and inflammation of intestine including the small and the large intestine were 13.6, 10.5, and 3.8%, respectively. This report was the result of an inspection of 93,594 beef cattle at the Shibaura Slaughterhouse (Tokyo, Japan) by the Meat Hygiene Inspection Office. The report showed SDL (MNL) and BFN had high prevalence rates among the internal diseases. In our results, the prevalence rates of MNL, BFN, and ILI were approximately twice as high compared with the rates in the report, except for MNL.
There are no recent reports of the MNL incidence rate outside of Japan, but there are many reports of liver abscess rates in feedlots in the United States, which range from 10 to 30% (Shin et al., 1988; Brink et al., 1990; Davis et al., 2007) . The relationship between MNL and liver abscess is not clear, but liver abscess is also a main disease of the liver. Brown and Lawrence (2010) reported that the incidence rate for liver abscess and total liver abnormalities were 13.7 and 19.5%, respectively. McKeith et al. (2012) also reported that the liver condemnation rate due to abscesses was 13.7% and the total condemnation rates of the liver and viscera were 20.9 and 9.3%, respectively, in the National Beef Quality Audit -2011. The prevalence rate of MNL in our study was similar to these incidence rates of liver abscesses. 2 MNL = multifocal necrosis in the liver; BFN = bovine abdominal fat necrosis; ILI = inflammation of the large intestine. Table 4 . Nakahashi et al. (2008) reported that the average values for CW, REA, RT, SFT, and BMS were 434.5 kg, 58.8 cm 2 , 7.6 cm, 2.7 cm, and 6.1, respectively, in Japanese Black cattle slaughtered at 25 to 29 mo of age. Furthermore, similar values (419.0 kg, 54.7 cm2, 7.8 cm, 2.7 cm, and 7.1 for CW, REA, RT, SFT, and BMS, respectively) in the same breed were reported by Inoue et al. (2008) . Several of the average carcass trait values in our study were slightly lower compared with the values in the above 2 reports, but the differences were negligible.
Heritability
In this study, heritability estimates of the internal diseases were moderate to low (0.18 to 0.28), whereas the values of the carcass traits were moderate to high (0.37 to 0.67). Heritability of carcass traits in Japanese Black cattle tends to be high. Heritability estimates of CW, REA, RT, SFT, and BMS were reported as 0.75, 0.49, 0.42, 0.48, and 0.54, respectively, by Inoue et al. (2008) using 5,314 Japanese Black steers and heifers, and Nogi et al. (2011) reported values of 0.61, 0.49, 0.49, 0.34, and 0.51, respectively, with 2,275 Japanese Black cattle. Except for SFT, our results were comparable with these 2 reports. However, all heritability estimates of our results were within the range of the estimates (0.23 to 0.78, 0.28 to 0.61, 0.24 to 0.50, 0.07 to 0.59, and 0.16 to 0.74, for CW, REA, RT, SFT, and BMS, respectively) reported by Oyama (2011) in a review of 10 published articles.
Heritability estimates of diseases in cattle are known to be generally low. Uribe et al. (1995) estimated genetic parameters for the most common diseases of dairy cows, such as mastitis, ovarian cysts, ketosis, milk fever, and displaced abomasum in Canadian Holstein cows. They reported relatively low (0 to 0.15) heritability estimates for the diseases except for displaced abomasum (0.28). Likewise, Van Dorp et al. (1998) reported low heritability estimates for these kinds of diseases (0 to 0.16) except for ketosis (0.39).
In U.S. beef cattle, bovine respiratory disease (Brd) is the most prevalent and economically concerning disease (Smith, 1998) . Snowder et al. (2006) reported that heritability estimates of BRD were 0.04 to 0.08 in feedlot calves representing 9 breeds and 3 composite types. Schneider et al. (2010) also reported 0.11 and 0.07 for heritability estimates of BRD incidence in preweaned calves composed of purebred Angus and Simmental and some crossbreds and in Angus sired feedlot cattle, respectively. Abe et al. (1998) reported that the incidence rate of BFN was significantly different among 5 bull strains in Japanese Black cattle. They also found different incidence rates among various combinations of bull strains and maternal bull strains. They suggested that bull strains could affect the incidence of BFN. These results indicate that BFN has a degree of genetic variance.
As expected from the estimated heritabilities, the sire group effects on the internal disease traits were significant (P < 0.01; not shown in the table) as determined by ANOVA. This result clarified genetic variability among sire lines. Our results for BFN also supported the results and suggestion of Abe et al. (1998) previously mentioned.
In humans, many molecular-based analyses by nonparametric linkage analysis and genomewide association studies (gWas) have recently been performed for Table 5 . Posterior means of genetic, residual, and phenotypic correlations (±posterior SD) between internal diseases Table 6 . Posterior means of genetic and phenotypic correlations (±posterior SD) between internal diseases and carcass traits inflammatory bowel diseases, which include Crohn's disease and ulcerative colitis . Anderson et al. (2011) reported that heritability estimates of human inflammatory bowel diseases, which were derived from concordance rates, were 28% with the identification of 99 susceptibility loci in GWAS. Although the heritability estimates of ILI in our study were lower (0.18) compared with their report, certain genetic improvements can be expected on all 3 internal disease traits considering the estimated heritabilities.
It is known that BFN has 2 types of features: clinical and subclinical fat necrosis. The former shows symptoms, and therefore the cattle can be properly treated before the condition becomes serious, for example by the administration of isoprothiolane (Oka et al., 1988; Shimada et al., 1988) . The latter BFN shows no symptoms and the animal eventually dies. One advantage of improving BFN genetically is that it may decrease such sudden losses in cattle due to subclinical fat necrosis.
Relationships between Traits
The genetic and phenotypic correlations between BFN and ILI were positive and high; in particular, the genetic association was strong. The residual correlation between them was small but significantly positive. In cattle, BFN is generally diagnosed by masses of necrotic tissue with fat deposits in the abdominal cavity. In severe BFN the masses compress the intestines and other organs. This suggests that ILI could be induced by compression of the intestines by BFN masses. The significantly positive phenotypic and residual correlations between BFN and ILI in our results could be affected by this biological mechanism. In contrast, negative relationships were found between MNL and the other internal diseases.
The genetic and phenotypic correlations between MNL and the carcass traits were all small and not statistically different from 0. Todd and Krook (1966) reported that SDL (MNL) in cattle was caused by a vitamin E and selenium deficiency, identified by their histological examination of spontaneous cases of SDL (MNL) in cattle. They also successfully produced the conditions of SDL (MNL) in Hereford steers by feeding a diet rich in PUFA and poor in protein, vitamin E, and selenium.
Bacterial toxins such as endotoxin have also been considered to be a cause of liver abnormalities (Mori, 1981; Watanabe, 1993) . There are also reports that serum and ruminal endotoxin levels were significantly higher in cattle on high concentrate feeds (Nagaraja et al., 1978; Motoi et al., 1993) and endotoxicosis was an important factor of the development of bovine diseases related to high concentrate diets, such as sudden death syndrome and ruminal acidosis (Nagaraja et al., 1978 (Nagaraja et al., , 1979 . Watanabe (1993) reported that the histopathology of the liver of acute hepatitis cattle was similar to liver abnormalities developed by administration of endotoxin into fattening Japanese Black cattle. Watanabe (1993) also found that the acute hepatitis cattle had significantly higher levels of plasma endotoxin and significantly lower levels of serum vitamin E compared with normal cattle. Additionally, Watanabe (1993) discovered that steroid therapies showed dramatic effects and concluded that increasing the endotoxin supplied from the rumen fluid under high concentrate feeding could play a substantial role in pathogenesis of acute hepatitis.
These preceding reports show that high concentrate feeding can increase endotoxin levels. Such feeding regimens could also increase fat deposition, such as increasing SFT and BMS. This indicates that endotoxin levels could be indirectly related to SFT or BMS through the feeding system. However, our results showed that there were no phenotypic relationships of MNL with the carcass traits, especially with BMS and SFT, which represent fat deposition as a result of fattening. Endotoxin has been related to inflammation of the intestine (Mori, 1981) . However, there were no phenotypic relationships of ILI with BMS and SFT.
In contrast with the correlations between MNL and the carcass traits, the phenotypic correlations of BFN and ILI with CW, REA, and RT were all significantly negative. This implies that smaller body size animals are phenotypically more likely to contract the diseases. On the other hand, it is generally known that cattle affected with BFN show gastrointestinal disorders such as anorexia, diarrhea, and constipation because the intestine is compressed by BFN masses. These symptoms can reduce daily gain and decrease carcass performance. Our results also indicate that developing these diseases reduces the performance of carcass traits, although our results only show correlations and do not show causal relationships. However, further research is needed, such as causal inference between the internal diseases and the carcass traits, to make the causal relationships clear.
The genetic correlations of BFN and ILI with CW, REA, and RT were all negative, although they were not significant except for the correlations of BFN with CW and RT. These relationships show that larger body size animals have a lower genetic liability to the diseases and vice versa. These relationships are favorable for genetic selection to decrease the 2 internal diseases and to increase the 3 carcass traits in beef cattle.
However, positive, rather strong, and significant genetic correlations were found between BFN and BMS and between ILI and BMS. This means that animals with superior BMS have a higher genetic liability to the 2 internal diseases and vice versa. These relationships are unfavorable for the genetic selection of beef cattle, especially in Japanese beef cattle-producing systems and in-dustries. One of the main reasons is that BMS is the most influential trait determining the price of a carcass on the Japanese market. To enhance or maintain higher BMS, it would be difficult for farmers to change the current production system of high concentrate feeding and the use of bulls with high marbling performance, even though their genetic liability to the internal diseases may be high.
Conclusions
Moderate to low heritability estimates for the internal diseases indicate that a degree of genetic improvement can be achieved. The relationships of carcass traits with MNL were different from those with BFN and ILI. Most of the genetic correlations between MNL and carcass traits were positive, but not all were significantly different from 0. In contrast, the negative and favorable genetic correlations found in BFN and ILI were with carcass traits related to meat quantity. However, rather strong and unfavorable genetic correlations were found between BFN or ILI and BMS, which is related to meat quality. This suggests that selection for animals with superior BMS would increasingly lead to animals with higher liability to the internal diseases.
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